antigen presentation, inducing a suitable degree of cross-linkage of the Ig surface receptors (8) , C3H/HeJ mice should be expected to respond to LPS or hapten-LPS conjugates as the high-responder strains . In the present paper we report our initial experiments performed along these lines, namely the first clear conclusion : C3H/HeJ mice fail to mount specific TI responses to LPS or to hapten-LPS conjugates .
Materials and methods
C3H/HeJ mice were obtained from Jackson Laboratories, Bar Harbor, Maine, and bred in our colony for the last 3 yr . In some experiments, adult mice obtained from the same source were used . The high-responder strain used in the present experiments was B10.5M (H-2°) . Mice of the same age and sex were selected for each experiment . LPS was extracted from E. coli 055:135 by the phenol-water method (9) , and obtained from Dr . T. Holme, Department of Bacteriology, Karolinska Institutet, Stockholm, Sweden . Purified protein derivative (PPD) from tuberculin RT 32 was obtained from Statens Seruminstitutet, Copenhagen, Denmark. (4-hydroxy-3,5-DNP)acetyl-LPS (NNP-LPS) conjugates were prepared as previously described (7) . DNP-AECM-Ficoll (a kind gift from Dr . W. E. Paul, NIH) was prepared by Dr . John Inman, National Institute of Allergy and Infectious Diseases, Bethesda, Md ., and the conjugate had a substitution ratio of 56 DNP and 83 aminoethyl carbamylmethyl (AECM) groups per 400,000 daltons of Ficoll . E. coli bacteria used for in vivo immunization were inactivated by boiling them for 15 min, and 10 8 bacteria were injected i .v . to each mouse.
Culture conditions for activation by mitogens and antigens were as previously described (7), as well as the hemolytic plaque assay for detecting high and low avidity anti-NNP plaque-forming cells (PFC). For detecting anti -DNP-AECM-Ficoll responses, TNP-substituted red cells were used in the plaque assay (10), which were prepared according to Rittenberg and Pratt (11) , using 15 mg of TNBS (Sigma Chemical Co ., St . Louis, Mo .) for 1 ml packed red cells in 10 ml of a cacodylate buffer pH 6.8 . For detecting anti-LPS PFC, the coupling of red cells to the polysaccharide was done as described by MbIler (12) . Indirect (IgG) PFC were detected by incorporating in the agar a suitable dilution of a polyvalent rabbit antimouse Ig serum.
Results
The selective unresponsiveness of C3H/HeJ spleen cells to LPS is shown in Fig. 1 , as compared to normal responses obtained with cells from a high-responder strain (BlUM) . The mitogen-induced responses were measured in this particular experiment by detecting activation for polyclonal antibody production, by means of a sensitive plaque assay which employs highly NNP-substituted red cells, and can detect around 1% of all high-rate antibody-secreting cells (4) . High-responder spleen cells show significant increases in numbers of PFC after stimulation by LPS concentrations as low as 0.01 yg/ml, whereas C3H/HeJ spleen cells barely mount any response at all . Only at very high concentrations of LPS (100 and 1,000 A,g/ml) does a response of very low magnitude appear . Fig . 1 . Spleen cells from these two strains of mice were then tested for their ability to mount specific antibody responses to the TI antigen NNP-LPS (7) . As shown in Fig. 2A , NNP-LPS, over a wide range of concentration, is not competent to induce an antihapten-specific response in C3H/HeJ cells, whereas the same concentrations elicit in B10.5M cells the typical bell-shaped doseresponse curve, as previously described (7) . In a large number of experiments the same results were invariably obtained, namely the clear failure to induce anti-NNP-specific responses with NNP-LPS conjugates . In parallel with the pattern of unresponsiveness to LPS as a polyclonal mitogen, a very low but definite antihapten response was observed with very high concentrations of NNP-LPS, which were completely paralytogenic for high-responder cell cultures (results not shown) . Fig . 2 . Serum-free cultures are known to be suitable for the induction of TI antibody responses (7, 13, 14, 15) cultures . These were 40 t 10, and 27 t 13 anti-NNP PFC, in B10.5M and C3H/HeJ cell cultures, and 33 t 3, and 62 t 7 anti-TNP PFC, in B10.5M and C3H/HeJ cell cultures, respectively . Curves are the least squares fit for the experimental values, plotted in a Hewlett-Packard 9820A calculator, using the appropriate program . The biological characterization of the NNP-LPS batch used in this experiment has been given elsewhere (6 The high-low responder system was further investigated in vivo . We had found before that the unresponsiveness of C3H/HeJ mice to LPS is also observed in vivo .2 Thus, high-responder strains mount a very sharp polyclonal PFC response to mitogenic doses of LPS in vivo (30-fold increases over the values in control mice) which peaks 3 days after injection of the mitogen (16, footnote 2) . C3H/HeJ mice barely display a very faint response at supra-optimal doses of LPS . 2 We have now investigated the capacity of high and low responder strains to develop specific anti-LPS antibody responses in vivo . C3H/HeJ or B10.5M mice were challenged with doses of LPS suitable for the induction of a specific antibody response (17) . Anti-LPS plaque responses were measured 6 days later. As can be seen in Table I , low responder mice do not mount a specific antibody response to LPS, which is known to be TI in conventional strains (6) . To critically exclude other reasons for unresponsiveness, such as nonspecific mechanisms of elimination of the antigen, V gene defects or suppressor cell activity, we tried to obtain specific anti-LPS responses where the mitogenicity of the antigen should be irrelevant, according to our model of B-cell activation . This could presumably be 
1 gg LPS achieved by using a TD form of the immunogen . In this case, triggering signals for the specific B cells would be provided by the cooperative cell system, rather than by the antigen itself (4) . We had found before that when mice are challenged by mildly heat-inactivated E. coli bacteria, .an IgM and IgG antibody response develops, which is dependent on the presence of thymus-derived cells, and is superimposed on an IgM TI response, comparable to the responses induced by soluble LPS (17, and A. C. and G. Moller, unpublished) . This finding has been interpreted in terms of the stimulation of the acessory cell system by protein antigens present in these mildly inactivated bacteria. Whatever the mechanism, since this response is thymus-dependent (TD), LPS mitogenicity should not be expected to play a role in its development . As shown in Table I , C3H/HeJ mice, when challenged with this TD form of the immunogen, mount a very good specific plaque response against LPS, of both IgM and IgG classes . Discussion Both NNP-LPS and LPS are known to induce TI-specific responses (6, 7) . TI antigens are competent to induce specific in vitro responses in serum-free media, whereas TD responses require further addition of well-defined B-or T-cell mitogens, or else, of a "good" batch of fetal calf serum (FCS) (13, 14, 15, 18) . Therefore, the failure of NNP-LPS to be immunogenic for C3H/HeJ spleen cells under these conditions might reflect that it is a TD antigen for low responder cells or else that it is not at all immunogenic . Nonmitogenic TNP-LPS conjugates were recently shown to be nonimmunogenic both in vitro and in vivo (19) , suggesting that the immune response to the hapten-LPS conjugates necessarily requires functional mitogenicity . This could be due to the fact that T cells seem to "ignore" some structures of this type (20) and it has been actually impossible to detect LPS-binding T cells (21) in conventional strains. The lack of T-cell involvement in the responses to LPS would make the B-cell mitogenicity of this ligand a strict requirement not only for thymus independence but also for immunogenicity . Our present results demonstrating unresponsiveness of C3H/HeJ mice to LPS in vivo are in support of that concept . However, two other sets of observations have recently reported a low but definite response of C3H/HeJ mice to in vivo challenge with LPS (22, 23) . The differences most probably depend on the purity of the LPS preparations used for immunization, as well as in the doses of antigen injected, since, as pointed out above, C3H/HeJ mice do respond to very high concentrations of LPS .
The specific defect in C3H/HeJ mice to mount TI responses to LPS or to NNP-LPS is clearly not due to a V gene defect in these mice . Thus, (a) Anti-NNP PFC develop in spleen cell cultures from these mice at normal values, when polyclonally activated by another B-cell mitogen, PPD (Figs . 1 and 2 ) (b) Spleen cell cultures from these mice mount good specific TI responses to a structurally related antigen (Fig. 2B) , and (c) C3H/HeJ mice develop normal anti-LPS responses when challenged with a TD form of the antigen (Table I ) . The latter experiments also make the possibility very unlikely that the unresponsiveness is due to suppressor cell activity induced by LPS determinants in these mice . Trivial reasons for explaining the in vitro unresponsiveness to NNP-LPS can be excluded in terms of the normal responses obtained to DNP-AECM-Ficoll in parallel cultures . All these results are further supported by our previous demonstration that the unresponsiveness of C3H/HeJ mice to LPS as a polyclonal mitogen is due to a pure B-cell defect. ' The present results, as well as the recent findings that C3H/HeJ mice are low responders to an antigenic challenge of LPS in vivo (22, 23) can only be interpreted in terms of the strict requirement for functional mitogenicity of the antigen for the induction of TI-specific immune responses (4, 5) . This requirement might be considered in two different ways, discussing the mechanisms of B-cell activation . Either it is assumed that a nonspecific signal is the only one relevant for activation (5), or else, it might be postulated that, though a nonspecific signal is strictly required, immune activation also requires one specific, Ig-mediated signal . This would be the "two-signal" concept as applied to TI responses (24, 25) , though the basic "two-signal" hypothesis actually denies the existence of such type of induction (24) . Experiments to argue either way are available, and quite clearly suggest that immune activation is the result of "one nonspecific signal" (4) .
It should be clearly pointed out that these observations, as other results obtained in the low responder system (2, 22, 23) , definitely exclude another model of B-cell activation, fashionable a few years ago, namely the "pattern of determinant presentation" (8, 26) . The nature of the B-cell defect in C3H/HeJ mice is still unclear, and a number of parallel efforts are being developed in several laboratories for its elucidation . However, it is already clearly established that the unresponsiveness to LPS at the polyclonal level segregates together with the unresponsiveness to LPS as an antigen (23) . Also in the set of observations reported in the present paper, genetical analysis was carried out, and it was observed that unresponsiveness to LPS was linked to unresponsiveness to NNP-LPS in FZ and backcrosses between C3H/HeJ and B10.5M mice . These observations are critical for the above conclusions and they will be published elsewhere (A . Coutinho and E. Gronowicz, to be published) .
One last point should be commented upon, namely the B-cell mitogenicity of Ficoll . Though the structure of this substance is very similar to other well known B-cell mitogens, it does not display sharp mitogenicity for spleen B cells, as pointed out already when the immunogenicity of DNP-Ficoll conjugates was originally described (10) . However, it is still possible to demonstrate nonspecific B-cell activating properties in this molecule, using sensitive test systems for polyclonal antibody production . We also have strong evidence, from hot-pulse experiments, that the B cells responding to NNP-LPS participate in the polyclonal response to LPS, whereas B cells responding to DNP-AECM-Ficoll do not . This provides further insight to the understanding of the results reported here .
Summary
Spleen cells from C3H/HeJ mice fail to respond with polyclonal antibody synthesis to mitogenic concentrations of lipopolysaccharide (LPS) which are optimal for activating spleen cells from a high-responder strain (B10 .5M) . This unresponsiveness is selective for LPS, since C3H/HeJ cells respond as normals to another B-cell mitogen, purified protein derivative of tuberculin .
Spleen cells from low-responder mice also fail to mount a specific anti-NNP plaque-forming cell (PFC) response, when challenged in vitro by NNP-LPS . However, C3H/HeJ cells develop normal responses to another thymus-independent hapten conjugate, DNP-AECM-Ficoll .
C3H/HeJ mice fail to mount a specific anti-LPS antibody response, when challenged in vivo with doses of soluble LPS which are fully immunogenic for the high-responder strain . However, C3H/HeJ mice develop normal direct and indirect PFC responses to LPS, when challenged with a thymus-dependent form of the immunogen . These results are interpreted as indicating an absolute requirement for functional mitogenicity of the antigen, in the induction of specific thymus-independent antibody responses .
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